Introduction
Infective endocarditis (IE) is a relatively rare and potentially fatal disease despite notable advances in medical and surgical treatment. The patterns of the disease in terms of its epidemiology, pathological basis, and antibiotic era vary considerably. The annual global incidence of IE has been estimated to be 3 to 10 per 100,000 people [1] [2] [3] , similar in low-income and industrialized countries [4] . However, whereas rheumatic heart diseases (RHDs) have been suggested as the main key risk factor for IE in developing countries [5] [6] [7] , degenerative valve diseases, prosthetic valves, intracardiac devices, and malignancies are increasingly associated with IE in developed countries [8] . Moreover, recent decades have witnessed a shift in the incidence of IE, from young adults to the elderly, reflecting medical and care advances in the control and prevention of IE [9] .
The results of epidemiological studies vary with respect to the microbial pathogenicity of IE. Although the type of pathogen has not substantially changed over time-with Streptococcus, Staphylococcus and Enterococcus still accounting for more than 80% of all cases-the specific subtypes of microorganisms require a repartition of groups most at risk [10, 11] . In conjunction with these issues, even with notable advances in diagnostic technology, improvements in antimicrobial selection, and formulation of new guidelines for the proper management of IE, the morbidity and mortality of the disease remain high inasmuch as 1 in 5 patients die during the initial hospital admission, which can be due to changes in the type and virulence of the infecting organisms and the changes in the population at risk of developing IE [12] [13] [14] .
The considerable variations in the epidemiology, underlying heart diseases, pathogenic sources, and risk and prognostic factors of IE render the prompt identification of the clinical and epidemiological aspects of the disease with a view to devising the optimal management strategy and preventing the adverse consequences in any given society essential. Such assessment assumes even more significance in the context of countries like Iran, where there is a dearth of up-to-the-minute data in the face of evidence for significant changing patterns of IE [15, 16] .
Indeed, our exhaustive literature search of credible sources by employing main keywords yielded very little information on the epidemiological aspects of IE in our population. Hence, in the present study, conducted in a tertiary referral center, we sought to address the epidemiological aspects of IE vis-à-vis its etiology, underlying heart diseases, principal microbial pathogens, and prognosis.
Methods

Population
Between 2006 and 2018, all adult patients with a possible or definite diagnosis of IE based on the modified Duke criteria were enrolled in the Iranian Registry of Infective Endocarditis (IRIE) by an expert team.
Two groups of patients within 2 time periods were enrolled in the present study. Between 2006 and 2016, the medical records of 900 patients admitted to our tertiary referral center with a diagnosis of IE were reviewed. The exclusion criteria were comprised of age younger than 18 years, outpatient status, subsequent rulingout of the IE diagnosis, and incomplete treatment. A total of 455 patients were, accordingly, excluded from the study and thereafter a retrospective review was conducted on 445 patients with a definite or possible diagnosis of IE. Afterward, between January and 2018, another 157 patients were prospectively enrolled ( Fig. 1 ). This study was approved by our local ethical committee according to the Helsinki Declaration of the World Medical Association (2000). All patients were informed and gave written consent before the study.
IE diagnosis
The diagnostic criteria for IE were based on the modified Duke criteria, requiring confirmation by pathology of the presence of vegetation or intracardiac abscesses and fulfillment of clinical criteria: 2 major, or 1 major plus 3 minor, or 5 minor criteria.
Blood culture
Blood samples for culture were drawn under sterile conditions and processed using BD BACTEC TM Blood Culture Media (Becton, Dickinson and Company, Franklin Lakes, NJ, USA). For each patient, the number of cultures, the positive or negative status of the culture, and the causative microorganism were recorded.
Echocardiographic assessment
The patients underwent transthoracic and transesophageal echocardiographic examinations for an assessment of the site and size of the vegetation, the extension of the abscess, and the leaflet movement.
Study variables and endpoints
The study population's demographic characteristics; history of cardiac diseases; history of IE; signs and symptoms; sites of infection; causative microorganisms; surgical treatments; antibiotic therapies; outcomes; complications; and clinical, laboratory, and echocardiographic features were recorded.
Complications including embolic events (systemic or cerebral), heart failure, mycotic aneurysms, prosthetic valve dysfunction, acute renal failure, increasing vegetation size or new abscesses, septic shock, and persistent fever (>7 d) were recorded
The duration of follow-up was defined as the interval from the first day of hospitalization to the day of death or, if alive, up to the discharge day.
Statistics
The statistical analyses were performed with the SPSS software, version 16, for Windows (SPSS Inc, Chicago, Illinois). The results are presented as the mean ± the standard deviation (SD) for the quantitative variables and summarized by absolute frequencies and percentages for the categorical variables.
The one-sample Kolmogorov-Smirnov test was used to evaluate the distribution of the data, and the independent t-test or the Mann-Whitney U test was applied to compare the mean of the variables between the 2 groups. The qualitative data were compared using the v 2 test or the Kruskal-Wallis test (ordinal variables). The logistic regression model was applied for multivariable analysis. A P value of less than 0.05 was considered statistically significant.
Results
The study population consisted of 602 patients, including 407 (67.6%) men, at a mean age of 46 ± 16.8 years. Based on the modified Duke criteria, 400 (66.4%) patients had definite and 202 (33.6%) had possible IE. Left-sided IE was reported in 535 patients: native valve IE in 412 (68.4%) and left-sided prosthetic valve IE in 123 (20.4%). Right-sided IE was reported in 266 patients: native endocarditis in 245 (40.7%) and right-sided prosthetic endocarditis in 21 (3.5%).
Predisposing factors and symptoms
The study population's baseline characteristics, predisposing factors, signs and symptoms, and clinical examination and laboratory findings on admission are depicted in Table 1 . The most common underlying heart diseases for IE were CHDs (37%) and specifically, bicuspid aortic valves (BAVs) and ventricular septal defects (VSDs). Degenerative heart diseases (16.3%), including flail mitral valves and mitral valve prolapse (MVP), comprised the second most frequent underlying heart diseases for IE. In addition, intravenous drug use (12%), prosthetic valves (11%), previous IE (8%), RHDs (8%), and device-related IE (6%) accounted for the other predisposing factors for IE development (Fig. 2) .
The most common chief complaint was fever (92%); additionally, cardiac murmurs were detected in 80% of the patients, loss of appetite in 25%, and splenomegaly in 24% ( Table 1) .
The mean of white blood cell (WBC) was 10269 ± 47, hemoglobin 10.3 ± 2, erythrocyte sedimentation rate was 56.4 ± 30, and the mean C-reactive protein level was 41.6 ± 48.3. An increased erythrocyte sedimentation rate (>20) was reported in 381 (63.3%) patients, an increased C-reactive protein level (>3) in 285 (47.3%), and a hemoglobin level of less than 12 g/100 mL in 473 (78.7%).
Causative microorganisms of IE
Two or more positive blood cultures with the same microorganism were reported in 296 (49%) patients. The most frequently isolated microorganism in the blood cultures was Staphylococcus aureus (S. aureus) (10%), followed by enterococci (9%), coagulase-negative staphylococci (8%), and Streptococcus viridans (S. viridans) (6%). S. aureus, enterococci, and coagulase-negative staphylococci were more prevalent in the patients with native valve endocarditis (including RHDs and degenerative heart diseases), but S. viridans was the leading cause of IE in those with CHDs.
Surgical interventions including valve replacement, residual defect repair, tricuspid valve excision without replacement, lead extraction, and large vegetation extraction were performed on 345 (57%) patients. The mean vegetation size was 3.12 ± 1.5 cm, and the most frequent sites of vegetation were the mitral valve (251 cases), the aortic valve (251 cases), the tricuspid valve (114 cases), and the pulmonary valve (22 cases) .
Cardiac or extra-cardiac complications occurred in 56.6% of the study patients. Among the cardiac complications, heart failure was the most common (7%), followed by new abscesses (6%) and mitral-aortic intervalvular fibrosa pseudoaneurysms.
There was a significant relationship between the IE cardiac complications and S. viridans (P = 0.04), Pseudomonas (P = 0.03), and Serratia marcescens (P = 0.005). A significant relationship also existed between the extra-cardiac complications of IE and S. aureus (P = 0.005), enterococci (P = 0.05), Klebsiella (P = 0.01), and S. saprophyticus (P = 0.01).
In-hospital mortality occurred in 109 (18%) patients, 45 of whom had surgical interventions. The relationship between mortality and surgical interventions was statistically significant in that the mortality rate was lower among the patients who underwent surgical interventions (63 patients with no surgery vs 45 patients with surgery) (P < 0.001).
In the multivariate analysis, the independent risk factors for mortality in the study population were age (95% CI: 1.004-1.048, P = 0.02) and S. aureus (95% CI: 1.973-11.187, P < 0.001).
A lower mortality rate in the study population was associated with S. viridans, degenerative heart diseases, CHDs, and cardiac surgical interventions (Table 2 ).
Discussion
The IRIE is the largest case-series study of patients with IE in Middle-Eastern countries (16) .
The main findings of our study can be summarized as follows:
1. CHDs are the most common underlying heart diseases (37%) in patients presenting with IE in Iran. 2. The most frequent predisposing factors and underlying heart diseases for IE are CHDs (37%) and in particular, BAVs and VSDs. Degenerative heart diseases (16.3%), including flail mitral valves and MVP, comprise the second most common underlying heart diseases for IE. These 2 groups can be considered a high-risk Although there is a global trend of increasing age among patients with IE, many studies have reported large epidemiological differences between the continents and even within a continent. The mean age of our patients was 45 years, which is very close to the mean age of 47 years among the patients in a study on IE in Turkey. The age of our study population is significantly lower than the pooled mean age for the occurrence of the disease reported in a systematic review of 160 studies on the epidemiological aspects of IE in 2013 (57.2 y) [17] .
The existing literature contains a considerable number of studies on IE; still, there are remarkable differences between the studies concerning not only the underlying heart diseases but also the epidemiological, microbiological, and prognostic aspects of IE in each population. These disparities exist both between developed and developing countries and between Mediterranean and Middle Eastern countries. RHDs, suggested as the chief culprit for IE in developing countries, were not the main underlying heart disease in our study. Indeed, only 8.4% of our patients with IE suffered from RHDs, making them the sixth most common underlying cardiac disease in our study.
A recent study compared epidemiological data on IE in Mediterranean countries and reported remarkable differences with respect to the patients' age, causative microorganisms, and underlying heart diseases between these countries. Based on the classification in that study, patients with IE in northern Mediterranean countries were old (>50 y), S. aureus was the main causative microorganism, and prosthetic valves or intracardiac implanted devices were the major predisposing factors. Additionally, patients with IE in southern Mediterranean countries were young (<40 y), S. viridans was the prevalent etiological agent, and RHDs constituted the principal risk factors. Moreover, patients with IE in eastern Mediterranean countries were aged between 45 and 60 years, S. viridans was the main causative microorganism, and the incidence of RHDs varied between 8% and 66% [16, 18] .
One of the most interesting findings in the IRIE was the prevalence of the underlying heart diseases in the patients with IE insofar as CHDs (including BAVs and VSDs) and degenerative heart diseases (including MVP) accounted for more than half of the underlying cardiac diseases and were, thus, the major risk factors for IE. S. viridans was the leading cause of IE in the patients suffering from CHDs. Our data chime in with recently published data by Zhu and Zegri-Reiriz, who underlined the changing epidemiology and dominance of BAVs and MVP as the common cause of IE and flagged up BAVs and MVP as high-risk conditions for IE. Zhu and Zegri-Reiriz, having found higher rates of S. viridans in their patients with BAVs and MVP, recommended IE antibiotic prophylaxis.
BAVs and MVP, with corresponding prevalence rates of 1-2% and 2.0-3.0%, comprise the most common form of congenital cardiac abnormities and the most frequent predisposing cardiac conditions for IE in some countries, including Iran [16, [19] [20] [21] [22] [23] .
Unrepaired VSDs are another frequent congenital heart abnormality associated with IE. The overall incidence of IE in cases with unrepaired VSDs has been estimated to range between 1.5 and 2.4 per 1000 patient-years. The natural history of VSDs shows that the estimated lifetime risk for IE is 9.7% at age 30 years and 12% by the end of life [24] [25] [26] .
We found that the frequency of causative microorganisms differed in tandem with the underlying heart disease. According to the IRIE, the most prevalent etiological agent was S. aureus (10%), followed by enterococci (9%), coagulase-negative staphylococci (8%), and S. viridans (6%).
S. aureus occurs predominantly in community-acquired and nosocomial cases of IE, as has been reported by recent series [10, 11, 27, 28] , whereas S. viridans was the prevailing etiological agent in previous decades and also in a few recent studies. What is deserving of special note, however, is that the causative microorganism is likely to differ based on the epidemiology of the country and the underlying heart diseases [6, [29] [30] [31] .
Our results showed an association between IE and high mortality (18% in-hospital mortality) and morbidity rates in Iran. Furthermore, the patients with IE who underwent surgical interventions had a lower mortality rate than their counterparts who did not, which is consistent with other published studies [32, 33] .
In respect of microbiological assessment, typical positive blood cultures were reported in 49% of the patients registered in the IRIE. According to a review of the literature published in developed countries, the presence of a positive blood culture varied from 83% to 96% [34] [35] [36] [37] . Indeed, the high rate of blood culture-negative IE (no causative microorganism can be grown using the usual blood culture) in our study (51%) by comparison with the rates of 10-30% of blood culture-negative IE in the European studies and other centers studies make difficulties in antibiotic therapy. The diminished culture positivity rate in the current study can be explained partly by the fact that our tertiary referral hospital admits patients having already been placed on antibiotic treatment by peripheral hospitals.
Limitation
Our data gathering was heterogeneous on account of the fact that the information was obtained from medical records before the IRIE was established and the local data were prospectively obtained. Consistency was ensured through the use of similar data sheets for the comparison of the retrospective and prospective data. As contributors to the EURO-ENDO Registry, we received good feedback on data entering. The present study does not present data on the midterm follow-up and mortality of our patients; these data will, however, be presently published as a part of the EURO-ENDO Registry [38] .
Conclusions
According to the IRIE, IE occurs in the younger population in Iran (mean age = 45 y) with high rates of blood culture-negative IE and different underlying heart diseases. CHDs (37%), including BAVs and VSDs, followed by degenerative heart diseases (16.3%), including flail mitral valves and MVP, were the most common underlying heart diseases. These 2 groups can be considered a high-risk group for IE and in need of IE prophylaxis. More than half of our patients with IE had cardiac or extra-cardiac complications. The IRIE showed that in addition to the need for adherence to the European and American guidelines, the preventive and treatment policies for IE should be redefined in each country.
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